A 77-year-old man had undergone left-lobe liver resection and a choledochojejunostomy six years previously, and thereafter he suffered from a postoperative relapse of cholangitis. He was admitted to our hospital due to liver abscesses and bacteremia caused by multidrug-resistant Pseudomonas aeruginosa. Empirical treatment with piperacillin/tazobactam was started, and the patient initially recovered. However, he developed a second case of sepsis caused by piperacillin/tazobactam-resistant P. aeruginosa bacteremia originating from a new liver abscess. We changed the piperacillin/tazobactam to colistin and flomoxef and continued the two antibiotics for one month. During the antibiotic therapy, the patient successfully underwent bile duct stent placement.
Introduction
Pseudomonas aeruginosa is an uncommon cause of liver abscesses. Chen et al. reported that only 1.86% (20/1,076 cases) of liver abscess patients are infected with P. aeruginosa (1) . In past case reports (2) (3) (4) (5) (6) (7) (8) (9) (10) , only one patient with a multidrug-resistant Pseudomonas aeruginosa (MDRP) liver abscess patient has been described (10) .
MDRP infection of any site is difficult to treat, due to restrictions on effective drugs, such as colistin. Colistin was developed in Japan in the 1940s. Early reports (11, 12) described common adverse effects of colistin, including nephrotoxicity and neurotoxicity. Due to these adverse events, the production of colistin was ceased in Japan in the 1990s. However, colistin has shown clinical effectiveness against multidrug-resistant Gram-negative organisms.
Many reports concerning MDRP infection and colistin have recently been published; however the use of colistin to treat a liver abscess caused by MDRP has not been described. We herein report a case of a liver abscess caused by MDRP and provide a review of the pertinent literature.
Case Report
This case involved a 77-year-old man who had undergone left lobe liver resection and choledochojejunostomy for early stage cholangiocarcinoma in September 2005. He had been treated for acute cholangitis three times in the prior six months. During his first cholangitis episode in March 2011, a blood culture was positive for three species: Citrobacter koseri, Enterococcus casseliflavus and P. aeruginosa. During the second episode in April 2011, Escherichia coli was detected on a blood culture. At the occasion of the third epiDivision of Infectious Diseases, Kenwakai Otemachi Hospital, Japan, Poison Center, Kenwakai Otemachi Hospital, Japan, Division of Surgery, Kenwakai Otemachi Hospital, Japan and Infection Control Team, Kenwakai Otemachi Hospital, Japan sode, no blood cultures were drawn. The patient had no other past medical history. His height was 168.5 cm and his body weight was 57.0 kg. He was admitted to Kenwakai Otemachi Hospital with moderate chills and fever in June 2011. His vital signs in the emergency room were as follows: a blood pressure of 150/90 mmHg, a heart rate of 70 beats/min, a respiratory rate of 25 breaths/min and a body temperature of 39.2 . He had no abdominal symptoms (pain, nausea, diarrhea) and no abdominal tenderness. However, the values of laboratory tests were compatible with biliary inflammation: a white blood cell count of 8,400/μL, a c-reactive protein level of 15.5 mg/dL, a total bilirubin level of 5.7 mg/dL, a direct bilirubin level of 2.3 mg/dL, an aspartate aminotransferase level of 55 IU/L, an alanine transaminase level of 63 IU/L, an alkaline phosphatase level of 389 IU/L and a γ-glutamyltranspeptidase level of 117 IU/L. Abdominal computed tomography (CT) confirmed the presence of lowdensity areas (S4: φ20 mm, S8: φ30 mm) in the liver (Fig. 1a ) that had not been detectable four months earlier.
We diagnosed the patient with liver abscesses and initiated treatment with piperacillin/tazobactam at a dose of 4.5 g administered intravenously every six hours on the day of admission.
The patient became afebrile two days later, while a blood culture drawn on the day of admission was found to be positive for two strains of P. aeruginosa. One was MDRP (strain 1: meeting the definition of MDRP in Japan) and the other (strain 2: not meeting the definition of MDRP in Japan) was a strain resistant to most antipseudomonal drugs, including meropenem and ciprofloxacin. The susceptibility results and the minimum inhibitory concentration (MIC) of the two strains are described in Table 1 . MDRP (strain 1) is only sensitive to piperacillin (MIC <64 μg/mL) and is resistant to meropenem (MIC >8 μg/mL), ciprofloxacin (MIC >2 μg/mL) and amikacin (MIC >32 μg/mL). A routine susceptibility test was performed using the Microscan WalkAway 96 Plus system (Siemens Japan K.K., Tokyo, Japan). The susceptibility of MDRP (strain 1) to colistin was assessed using the Kirby-Bauer method with Sensi-Disc TM Susceptibility Test Discs (Nippon Becton Dickinson Company, Tokyo, Japan). Later, a disk-diffusion screening test using sodium mercaptoacetic acid (metallo-β-lactamase SMA "EIKEN"; Eiken Cheminal Co., Ltd., Tokyo, Japan) showed that the MDRP strain produced metallo-β-lactamase. We also used a Break-point Checkerboard Plate (BC Plate "EIKEN"; Eiken Cheminal Co., Ltd.) (13); however, no synergic effects were observed for any combination of antibiotics.
On the 6th day, the patient underwent percutaneous transhepatic abscess drainage. On the 8th day, however, he again developed a fever (39.4 ) with shaking chills. On the 10th day, the blood culture became positive for Gramnegative bacilli, and abdominal CT revealed a new abscess (S4/8: φ40 mm) in the liver (Fig. 1b) . This second case of sepsis was caused by piperacillin/tazobactam-resistant P. aeruginosa bacteremia originating from the new abscess. This strain was found to be resistant to meropenem (MIC > 8 μg/mL) and ciprofloxacin (MIC >2 μg/mL) and intermittently resistant to amikacin (MIC =8 μg/mL).
Based on discussions held between infectious disease physicians, gastroenterological surgeons, the patient and his family, we decided to use colistin to treat the second case of sepsis. This decision was approved by the ethics committee of our hospital, as colistin was not available in Japan. On the 11th day, we initiated treatment with colistimethate sodium (colistin) (Coly-Mycin M Parenteral; JHP Pharmaceuticals, New Jersey, USA) at a dose of 150 mg administered intravenously every 12 hours (serum creatinine (SCr): 0.73 mg/dL, estimated glomerular filtration rate (eGFR): 79 mL/ min). On the 12th day, the patient underwent percutaneous transhepatic cholangiodrainage, in which the operative findings revealed a bilioenteric anastomotic stricture (Fig. 2a) . The drainage culture was positive for MDRP. On the 14th day, in addition to the administration of colistin, we changed the piperacillin/tazobactam regimen to flomoxef administered at a dose of 1 g intravenously every eight hours for anaerobic coverage; however the SCr level gradually increased. By the 18th day, the SCr level was 1.27 mg/dL and the eGFR was 43 mL/min. We reduced the doses of colistin and flomoxef (colistin: 75 mg administered intravenously every 12 hours, flomoxef: 1 g administered intravenously every 12 hours). On the 34th day, a metallic stent was placed in the total obstructive site of the biliary tract (Fig. 2b) . Since follow-up CT confirmed that the abscess had disappeared on the 38th day, we discontinued the administration of colistin after 28 days. At that point, the SCr level was 1.69 mg/dL and the eGFR was 31 mL/min, on the final day of colistin therapy. On the 45th day, the patient was discharged from the hospital. His SCr level did not recovered completely following colistin therapy. He has remained asymptomatic for approximately one year. His clinical course is presented in Fig. 3 .
In our poison center, we measured the serum colistin concentrations in this case, retrospectively. We used a method primarily in reference to Ratjen's report (14) . Blood samples (colistin administration days 0, 2, 3, 4, 7, 9 and 10) were stored at -50 . The samples were collected prior to colistin administration (trough concentration). 20 μL of aqueous internal standard solution (10 μg/mL of netilmicin sulphate) and 25 μL of methanol/10% trifluoroacetic acid (1/1) were added to 150 μL of serum. After shaking the samples for 30 seconds on a vortex shaker followed by centrifugation (12,000 rpm, 3 min), we transferred the supernatant to a polypropylene tube for derivatization. Sep-Pak C18 cartridges (1 cc/50 mg, Waters) were prepared using 1 mL of methanol and 1 mL of 1% sodium hydrogen carbonate buffer (pH 10), after which the supernatant was added along with another 1 mL of the carbonate buffer solution. Next, 30 μL of 50 mM 9-fluorenylmethyl chloroformate was added and left to react for 15 minutes. After washing with 2 mL of 70% acetonitrile, we eluted the samples with 900 μL of acetone. 600 μL of 0.2 M boric acid solution was added to the eluates. High-performance liquid chromatography was carried out by injecting 10-μL aliquots of the processed samples onto a Develosil ODS-UG-5 column (150×4.6 mm, 5 μm). The column temperature was maintained at 35 . The samples were eluted with a mobile phase of acetonitrile/tetrahydrofuran/water (46/32/22). The flow rate was 1 mL/min. A fluorescence detector (excitation wavelength, 260 nm; emission wavelength, 315 nm) was used for detection. The results of this analysis are described in Fig. 3 .
Discussion
P. aeruginosa is an uncommon cause of liver abscesses. Among all pyogenic liver abscesses, the prevalence of P. aeruginosa liver abscesses (PALA) has been reported to be 5.3-7.6% (15, 16). Chen et al. reported the most recent case series in which 20 PALA patients (1.86%) were found among a total of 1,076 pyogenic liver abscess patients followed for seven years (1) . In that report, 17 patients (85%) had hepatobiliary comorbidities, such as common biliary duct stones (three cases) and pancreatic head tumors (two cases). In all, 13 patients (65%) had undergone a previous procedures, including endoscopic retrograde cholangiopan- We searched all published PALA case reports written in English and summarized the features of these cases (2-10) in Table 2 . As with Chen's study, most patients had hepatobiliary comorbidities and/or had undergone intra-abdominal procedures. Only two patients (6, 10) were previously healthy. These results are compatible with our patient's situation. In addition, only one previous case (10) has so far been described as an MDRP liver abscess treated with imipenem plus amikacin. As far as we could ascertain, the present study marks the first case report of an MDRP liver abscess treated with colistin.
The definition of MDRP is unclear and arbitrary (17); various definitions (18) are used in the prioir literature. In Japan, the definition of MDRP is that of a strain that is resistant to imipenem, amikacin and ciprofloxacin. We refer to the Japanese criteria to describe this case.
When treating MDRP infection, there is a limited choice of antibiotics, including colistin. This is a venerable drug that was discovered in the 1940s in Japan (19) and was replaced by other antibiotics due to adverse effects, such as nephrotoxicity and neurotoxicity (11, 12) . In Japan, colistin currently is not officially approved (October 2012); however, it is expected to gain approval in the near future.
Although colistin has been in existence for a long time, many aspects of its effects remain to be clarified. The spectrum of colistin is already known; it is active against most Gram-negative bacilli, including multidrug-resistant Pseudomonas aeruginosa (20) . However, the optimal dose and pharmacodynamics of colistin have not been well studied. The pharmacodynamics of colistin appear to be concentration-dependent (20) , and the area under the curve/ minimum inhibitory concentration is the most effective parameter (21) . However, studies to detect optimum dosing strategies are insufficient. In a recent report (22) , a lower colistin dose treatment was found to be associated with higher mortality (3 million IU/day; 38.6%, 6 million IU/day; 27.8% vs. 9 million IU/day; 21.7%); therefore, a higher dose of colistin is recommended. However, since manufacturers recommend a dose of 2.5-5 mg/kg/day (1 mg=12,500 IU) and we had no experience with colistin, we first used 300 mg/day of colistin (=3.75 million IU/day).
Nephrotoxicity is a common adverse effect of colistin. In an early report (12) , nephrotoxicity occurred in 20.2% of cases. However, recently, the rate of nephrotoxicity has been reported to be lower. Falagas et al. (22) reported the findings of a retrospective cohort study of 258 patients treated with colistin, and found that 26 patients (10%) developed nephrotoxicity. In another study (23) , chronic renal insufficiency, diabetes mellitus and aminoglycoside use were suggested to be risk factors for nephrotoxicity (odds ratios: 11.3, 5.1 and 5, respectively). Nephrotoxicity has also been documented during long periods of administration (more than four weeks) of colistin (24) . Although the administration dose used in that study was relatively low (4.4±2.1 million IU =352±168 mg/day) and only a small number of cases (19 cases) were analyzed, the median serum creatinine levels increased by only 0.25 mg/dL (24) . This difference in findings between older and more recent reports may be re- (20, 24) . In our case, the serum creatinine level and trough concentration of colistin were significantly increased during the course of treatment (Fig. 3) and we did not administer other drugs that could cause renal function disorders. We speculate that it is possible that the serum creatinine level did not reflect the patient's true renal function. His body mass index was 20.1 and his muscular volume was low in appearance. When renal function problems are exacerbated following the administration of colistin, early discontinuation is necessary (25) . However, we had no choice but to continue the colistin administration due to the resistance of MDRP to other antibiotics. Renal dose adjustment may therefore help to protect against the development of further renal function disorders. Based on the facts of this case and those found in our literature review, we propose the following three points. First, clinicians should remember that hepatobiliary comorbidities and/or intra-abdominal procedures are risk factors for the development of P. aeruginosa liver abscesses. Second, colistin is effective against PALA caused by MDRP. Third, in this case, we were able to successfully administer colistin for a 28-days period through renal dose adjustment.
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